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Protocol
The Effects of Positive Affect and Episodic Future Thinking on
Temporal Discounting and Healthy Food Demand and Choice
Among Overweight and Obese Individuals: Protocol for a Pilot
2×2 Factorial Randomized Controlled Study
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Abstract
%DFNJURXQG 8QKHDOWK\EHKDYLRUV HJ SRRU IRRGFKRLFHV FRQWULEXWH WRREHVLW\ DQGQXPHURXVQHJDWLYHKHDOWKRXWFRPHV
LQFOXGLQJPXOWLSOHW\SHVRIFDQFHUDQGFDUGLRYDVFXODUDQGPHWDEROLFGLVHDVHV7RSURPRWHKHDOWK\IRRGFKRLFHGLHWLQWHUYHQWLRQV
VKRXOGEXLOGRQWKHGXDOV\VWHPPRGHOWRWDUJHWWKHUHJXODWLRQDQGUHZDUGPHFKDQLVPVWKDWJXLGHHDWLQJEHKDYLRU(SLVRGLFIXWXUH
WKLQNLQJ()7KDVEHHQVKRZQWRVWUHQJWKHQUHJXODWLRQPHFKDQLVPVE\UHGXFLQJXQKHDOWK\IRRGFKRLFHDQGWHPSRUDOGLVFRXQWLQJ
7'DSURFHVVRISODFLQJJUHDWHUYDOXHRQVPDOOHULPPHGLDWHUHZDUGVRYHUODUJHUIXWXUHUHZDUGV+RZHYHUWKHVHLQWHUYHQWLRQV
GRQRWWDUJHWWKHUHZDUGPHFKDQLVPVWKDWFRXOGVXSSRUWKHDOWK\HDWLQJDQGVWUHQJWKHQWKHLPSDFWRI()7DQFKRUHGSURJUDPV
,QFUHDVLQJSRVLWLYHDIIHFW3RV$UHODWHGWRKHDOWK\IRRGFKRLFHVPD\WDUJHWUHZDUGPHFKDQLVPVE\HQKDQFLQJWKHUHZDUGLQJ
HIIHFWVRIKHDOWK\HDWLQJ$QLQWHUYHQWLRQWKDWLQFUHDVHVVHOIUHJXODWLRQUHJDUGLQJXQKHDOWK\IRRGVDQGWKHUHZDUGYDOXHRIKHDOWK\
IRRGVZLOOOLNHO\KDYHDJUHDWHULPSDFWRQHDWLQJEHKDYLRUFRPSDUHGZLWKLQWHUYHQWLRQVIRFXVHGRQHLWKHUSURFHVVDORQH
2EMHFWLYH 7KLVVWXG\DLPHGWRLQWURGXFHDSURWRFROWKDWWHVWVWKHLQGHSHQGHQWDQGLQWHUDFWLYHHIIHFWVRI()7DQG3RV$RQ7'
IRRGFKRLFHDQGIRRGGHPDQGLQRYHUZHLJKWDQGREHVHDGXOWV
0HWKRGV 7KLVSURWRFROGHVFULEHVDIDFWRULDOUDQGRPL]HGFRQWUROOHGSLORWVWXG\WKDWHPSOR\VDDIIHFWLYHLPDJHU\SRVLWLYH
QHXWUDOE\()7\HVQRGHVLJQLQZKLFKSDUWLFLSDQWVDUHUDQGRPL]HGWRRIJXLGHGLPDJHU\LQWHUYHQWLRQDUPV,QWRWDO
HOLJLEOHSDUWLFLSDQWVZLOOFRPSOHWHODEYLVLWVVHSDUDWHGE\GD\V$WYLVLWSDUWLFLSDQWVFRPSOHWHVXUYH\VOLVWHQWRWKH
DXGLRJXLGHGLPDJHU\LQWHUYHQWLRQDQGFRPSOHWH7'IRRGGHPDQGDQGIRRGFKRLFHWDVNV$WYLVLWSDUWLFLSDQWVFRPSOHWH7'
IRRGGHPDQGDQGIRRGFKRLFHWDVNVDQGVXUYH\V3DUWLFLSDQWVFRPSOHWHDGDLO\IRRGIUHTXHQF\TXHVWLRQQDLUHEHWZHHQYLVLWV
DQG$QDO\VHVZLOOFRPSDUHSULPDU\RXWFRPHPHDVXUHVDWEDVHOLQHSRVWLQWHUYHQWLRQDQGDWIROORZXSDFURVVWUHDWPHQWDUPV
5HVXOWV )XQGLQJQRWLILFDWLRQZDVUHFHLYHGRQ$SULODQGWKHSURWRFROZDVDSSURYHGE\WKHLQVWLWXWLRQDOUHYLHZERDUG
RQ2FWREHU)HDVLELOLW\WHVWLQJRIWKHSURWRFROZDVFRQGXFWHGIURP)HEUXDU\WR$SULODPRQJWKHILUVW
SDUWLFLSDQWV$VQRPDMRUSURWRFROFKDQJHVZHUHUHTXLUHGDWWKHHQGRIWKHIHDVLELOLW\SKDVHWKHVHSDUWLFLSDQWVZHUHLQFOXGHG
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LQWKHWDUJHWVDPSOHRISDUWLFLSDQWV5HFUXLWPHQWWKHUHIRUHFRQWLQXHGLPPHGLDWHO\DIWHUWKHIHDVLELOLW\SKDVH:KHQWKLV
PDQXVFULSWZDVVXEPLWWHGSDUWLFLSDQWVKDGFRPSOHWHGWKHSURWRFRO
&RQFOXVLRQV2XUUHVHDUFKJRDOLVWRGHYHORSQRYHOWKHRU\EDVHGLQWHUYHQWLRQVWRSURPRWHDQGLPSURYHKHDOWK\GHFLVLRQPDNLQJ
DQGEHKDYLRUV7KHILQGLQJVZLOODGYDQFHGHFLVLRQPDNLQJUHVHDUFKDQGKDYHWKHSRWHQWLDOWRJHQHUDWHQHZQHXURVFLHQFHDQG
SV\FKRORJLFDOUHVHDUFKWRIXUWKHUXQGHUVWDQGWKHVHPHFKDQLVPVDQGWKHLULQWHUDFWLRQV
7ULDO5HJLVWUDWLRQ ,65&715HJLVWU\,65&71KWWSZZZLVUFWQFRP,65&71$UFKLYHGE\:HE&LWH
DWKWWSZZZZHEFLWDWLRQRUJRX2R.*
,QWHUQDWLRQDO5HJLVWHUHG5HSRUW,GHQWLILHU,55,' '(55
-0,55HV3URWRFHGRL
.(<:25'6
REHVLW\FDQFHUWHPSRUDOGLVFRXQWLQJIRRGFKRLFHHDWLQJEHKDYLRUHSLVRGLFIXWXUHWKLQNLQJSRVLWLYHDIIHFWJXLGHGLPDJHU\
UDQGRPL]HGFRQWUROOHGWULDO
Introduction
%DFNJURXQGDQG5DWLRQDOH
8QKHDOWK\EHKDYLRUVVXFKDVSRRUIRRGFKRLFHVDQGSK\VLFDO
LQDFWLYLW\ DUH DVVRFLDWHG ZLWK QXPHURXV QHJDWLYH KHDOWK
RXWFRPHVLQFOXGLQJEXWQRWOLPLWHGWRPXOWLSOHW\SHVRIFDQFHU
DQGFDUGLRYDVFXODUDQGPHWDEROLFGLVHDVHV>@1RWDEO\WKHVH
EHKDYLRUV FDQ FRQWULEXWH WR ZHLJKW JDLQ DQG REHVLW\ ZKLFK
UHPDLQV RQH RI WKH WRS SUHYHQWDEOH FDXVHV RI PRUELGLW\ DQG
PRUWDOLW\ZRUOGZLGH>@2QO\RI86DGXOWVPHWIUXLW
DQGYHJHWDEOHLQWDNHUHFRPPHQGDWLRQVLHWRFXSVRIIUXLWV
DGD\WRFXSVRIYHJHWDEOHVDGD\LQ>@6LPLODUO\
LQ(QJODQGRQO\RIDGXOWVFRQVXPHGRUPRUHSRUWLRQV
RIIUXLWVDQGYHJHWDEOHVDGD\LQ>@,QWHUYHQWLRQVWDUJHWLQJ
GLHWPD\KHOSLQGLYLGXDOVORVHZHLJKWLQWKHVKRUWWHUPEXWRIWHQ
KDYHPLQLPDOLPSDFWRQZHLJKWORVVPDLQWHQDQFHSRWHQWLDOO\
EHFDXVHWKH\GRQRWWDUJHWWKHXQGHUO\LQJFRJQLWLYHDQGDIIHFWLYH
PHFKDQLVPVRIHDWLQJEHKDYLRU>@
(DWLQJEHKDYLRULVDFRPSOH[SURFHVVUHJXODWHGE\KRPHRVWDWLF
SK\VLRORJLFGULYHQPHFKDQLVPVWKDWGULYHHDWLQJLQUHVSRQVHWR
KXQJHU>@DQGQRQKRPHRVWDWLFUHZDUGGULYHQPHFKDQLVPVWKDW
GULYHHDWLQJLQUHVSRQVHWRKLJKO\SDODWDEOHH[WHUQDOFXHVHJ
IRRGVKLJKLQIDWDQGVXJDU>@7KHUHZDUGLQJQDWXUHRIKLJKO\
SDODWDEOHIRRGVFDQOHDGWRHDWLQJLQWKHDEVHQFHRIKXQJHUDQG
LQWXUQRYHUHDWLQJFDQUHVXOWLQLQFUHDVHGUHZDUGUHVSRQVLYLW\
WRFHUWDLQIRRGVDQGVXEVHTXHQWZHLJKWJDLQ>@'XDOV\VWHP
QHXUDO PRGHOV RI HDWLQJ EHKDYLRU WKHRUL]H WKDW WKH LQFUHDVHG
QHXUDOUHZDUGUHVSRQVLYLW\FDQEHPLWLJDWHGE\DFWLYDWLQJDUHDV
RIWKHEUDLQDVVRFLDWHGZLWKUHJXODWLRQWRGDPSHQK\SHUDFWLYH
UHZDUGUHVSRQVHVDQGPDQDJHXQKHDOWK\HDWLQJEHKDYLRUV>@
7KH UHJXODWLRQ QHWZRUN UHIHUUHG WR DV WKH H[HFXWLYH >@
GHOLEHUDWLYH >@ RU UHIOHFWLYH V\VWHP >@ LQFOXGHV EUDLQ
UHJLRQVDVVRFLDWHGZLWKFRJQLWLYHFRQWUROHPRWLRQUHJXODWLRQ
DQG JRDOGLUHFWHG EHKDYLRU ,Q FRQWUDVW WKH UHZDUG QHWZRUN
UHIHUUHGWRDVWKHLPSXOVLYH >@RUDXWRPDWLF >@V\VWHP
LQFOXGHVEUDLQUHJLRQVDVVRFLDWHGZLWKHYDOXDWLQJDQWLFLSDWLQJ
DQGSURFHVVLQJUHZDUGV:KHQWKHUHLVDQLPEDODQFHEHWZHHQ
WKHVHQHWZRUNVWKHUHZDUGQHWZRUNFDQRYHUULGHWKHUHJXODWLRQ
QHWZRUNZKHUHE\RYHUHDWLQJOHDGVWRZHLJKWJDLQDQGHYHQWXDOO\
REHVLW\ >@ 7KXV DPRQJ REHVH LQGLYLGXDOV WKH UHJXODWLRQ
QHWZRUNLVRIWHQFRQVLGHUHGXQGHUDFWLYHDQGWKHUHZDUGQHWZRUN
LVFRQVLGHUHGRYHUDFWLYH>@
7RSURPRWHWKHKHDOWK\GLHWRIIUXLWVYHJHWDEOHVOHJXPHVQXWV
DQGZKROHJUDLQVDQGPLQLPDOVXJDUVDQGIDWVUHFRPPHQGHG
E\ WKH :RUOG +HDOWK 2UJDQL]DWLRQ >@ KHDOWK\ HDWLQJ
LQWHUYHQWLRQVVKRXOGEXLOGRQWKHGXDOV\VWHPPRGHOGHVFULEHG
DERYHWRWDUJHWERWKWKHUHJXODWLRQDQGUHZDUGPHFKDQLVPVWKDW
JXLGHHDWLQJEHKDYLRU2QHUHJXODWLRQPHFKDQLVPUHOHYDQWWR
IRRGFKRLFH LVGHOD\HGJUDWLILFDWLRQ²WKHDELOLW\ WR UHVLVW WKH
WHPSWDWLRQRIDQLPPHGLDWHUHZDUGHJKLJKO\SDODWDEOHIRRG
LQSUHIHUHQFHRIDODWHUUHZDUGHJORQJWHUPKHDOWK>@3ULRU
UHVHDUFK VXJJHVWV WKDW LQGLYLGXDOV ZKR DUH REHVH VKRZ SRRU
GHOD\HG JUDWLILFDWLRQ DQG GHPRQVWUDWH JUHDWHU WHPSRUDO
GLVFRXQWLQJ7'PHDQLQJWKH\SODFHJUHDWHUYDOXHRQVPDOOHU
LPPHGLDWHUHZDUGVRYHUODUJHURUGHOD\HGUHZDUGVLQWKHIXWXUH
>@ )RU H[DPSOH DQ LQGLYLGXDO ZLWK D ORZ GHOD\ RI
JUDWLILFDWLRQPD\YDOXHWKHVDWLVI\LQJWDVWHRIVDYRU\RUVZHHW
IRRG WKDW LVDYDLODEOHQRZRYHU WKHKHDOWKEHQHILWVRI IXWXUH
ZHLJKWORVV3ULRUZRUNLQGLFDWHVLQFUHDVHGEUDLQDFWLYDWLRQLQ
UHJXODWLRQUHJLRQVZKHQSDUWLFLSDQWVPDNHGHFLVLRQVLQYROYLQJ
GHOD\HG UHZDUGV DQG LQFUHDVHG DFWLYDWLRQ LQ UHZDUG UHJLRQV
ZKHQ SDUWLFLSDQWV PDNH GHFLVLRQV LQYROYLQJ LPPHGLDWHO\
DYDLODEOHUHZDUGV>@'HFUHDVLQJ7'PD\WKHUHIRUHPDNHLW
HDVLHUWRIDYRUWKHORQJWHUPUHZDUGRIPDNLQJDKHDOWK\IRRG
FKRLFHRYHUWKHLPPHGLDWHO\DYDLODEOHWDVWHUHZDUGWKDWPD\EH
DVVRFLDWHGZLWKXQKHDOWK\IRRGFKRLFH
0XOWLSOHVWXGLHVKDYHGHPRQVWUDWHGWKDWWKHFRJQLWLYHSURFHVV
RIHSLVRGLFIXWXUHWKLQNLQJ()7LHWKHDELOLW\WRLPDJLQHRU
VLPXODWHSHUVRQDOH[SHULHQFHVWKDWPLJKWRFFXULQRQH¶VIXWXUH
UHGXFHV 7' HVSHFLDOO\ LQ RYHUZHLJKW DQG REHVH LQGLYLGXDOV
>@5HVHDUFKGHOYLQJLQWRWKHPHFKDQLVPVRI()7VXJJHVWV
WKDW ()7 LV GHULYHG IURP HSLVRGLF PHPRU\ ZKLFK VXSSRUWV
IXWXUHVLPXODWLRQE\DOORZLQJSHRSOH WRIOH[LEO\UHWULHYHDQG
UHFRPELQH HOHPHQWV RI SDVW H[SHULHQFHV LQWR QRYHO
UHSUHVHQWDWLRQVRIHYHQWV WKDWPLJKWRFFXU LQ WKHIXWXUH>@
(YLGHQFH IURP WKRXJKW VDPSOLQJ SURFHGXUHV LQGLFDWHV WKDW
HSLVRGLFIXWXUHWKRXJKWVRFFXUIUHTXHQWO\LQHYHU\GD\OLIHDQG
VHUYHDUDQJHRIIXQFWLRQVLQFOXGLQJGHFLVLRQPDNLQJHPRWLRQ
UHJXODWLRQLQWHQWLRQIRUPDWLRQDQGSODQQLQJ>@)XUWKHUPRUH
WUDLQLQJLQ()7YVHSLVRGLFUHFHQWWKLQNLQJ>(57@KDVEHHQ
VKRZQWRUHGXFHGLVFRXQWLQJUDWHVDQGIRRGUHLQIRUFHPHQW>@
DVZHOO DVEHKDYLRUDORXWFRPHV VXFKDV FDORULHFRQVXPSWLRQ
>@7KHVHODEVWXGLHVDQGSLORWLQWHUYHQWLRQVVXJJHVWWKDW
()7KDVWKHFDSDFLW\WRUHGXFH7'DQGFDORULHFRQVXPSWLRQ
\HW WKHVHLQWHUYHQWLRQVGRQRWWDUJHWWKHUHZDUGPHFKDQLVPV
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WKDWLPSDFWHDWLQJGHFLVLRQV,QDGGLWLRQWDUJHWLQJWKHUHZDUG
PHFKDQLVPVLQYROYHGLQIRRGFKRLFHFRXOGVWUHQJWKHQWKHLPSDFW
RIDQ()7DQFKRUHGLQWHUYHQWLRQ
2QHZD\WRWDUJHWWKHUHZDUGPHFKDQLVPVLQYROYHGLQREHVLW\
LV E\ HQKDQFLQJ WKH UHZDUGLQJ HIIHFWV RI KHDOWK\ HDWLQJ DQG
FUHDWLQJ SRVLWLYH DVVRFLDWLRQV ZLWK KHDOWK\ IRRG 'HVFULSWLYH
DQGREVHUYDWLRQDOUHVHDUFKKDVVKRZQWKDWSRVLWLYHDIIHFW3RV$
LVDVVRFLDWHGZLWKKHDOWKLHUIRRG>@EXW WKLVDVVRFLDWLRQ
PD\ EH ELGLUHFWLRQDO ZLWK VRPH VWXGLHV VKRZLQJ IUXLW DQG
YHJHWDEOHFRQVXPSWLRQSUHGLFWLQJ3RV$>@$IIHFWLVWKH
UHSUHVHQWDWLRQRIWKHERG\¶VFRUHHYDOXDWLRQDWDQ\OHYHODQG
LQDQ\PRGDOLW\LQFOXGLQJSK\VLRORJLFDOUHDFWLRQVHPRWLRQV
WKRXJKWV DQG H[SUHVVLRQV WKDW DQ REMHFW HYHQW RU SHUVRQ
HQFRXQWHUHGLQWKHZRUOGLVJRRGIRULWEDGIRULWDSSURDFKDEOH
RUDYRLGDEOH>@$FFRUGLQJO\3RV$LVWKHSK\VLRORJLFDODQG
HPRWLRQDOH[SHULHQFHWKDWDQREMHFW LVEHQHILFLDODQGFRQIHUV
SRVLWLYH YDOXH WR WKH ERG\ DQG VHOI ,PSRUWDQWO\ D VWXG\
H[SHULPHQWDOO\PDQLSXODWLQJ3RV$VKRZHGWKDWFUHDWLQJSRVLWLYH
DVVRFLDWLRQV ZLWK IUXLW DV RSSRVHG WR QHXWUDO RU QHJDWLYH
DVVRFLDWLRQVVLJQLILFDQWO\LQFUHDVHGWKHOLNHOLKRRGRIFKRRVLQJ
IUXLW LQ D EHKDYLRUDO FKRLFH WDVN >@ &RQVLVWHQW ZLWK WKH
GXDOV\VWHPPRGHOHDWLQJEHKDYLRULQWHUYHQWLRQVPD\QHHGWR
WDNHDGYDQWDJHRIWKHRYHUDFWLYHUHZDUGV\VWHPWKDWKDVEHHQ
DVVRFLDWHG ZLWK RYHUHDWLQJ DQG REHVLW\ E\ HQKDQFLQJ WKH
UHZDUGLQJDVVRFLDWLRQVZLWKKHDOWK\HDWLQJDQGLWVHIIHFWV
3RV$KDVDOVREHHQVKRZQWRLQFUHDVH7'>@LQGLFDWLQJWKDW
()7H[HUFLVHVDQGIHHOLQJVRI3RV$PD\KDYHDQLQWHUDFWLYHRU
DGGLWLYH HIIHFW RQ GLVFRXQWLQJ UDWHV %RWK PHFKDQLVPV KDYH
GLIIHUHQWXQGHUO\LQJQHXURORJLFDOSDWKZD\VDQGWKHLULQWHUDFWLYH
HIIHFW KDV QRW EHHQ WHVWHG WR GDWH $OWKRXJK SURJUDPV DQG
LQWHUYHQWLRQV WR LQFUHDVH KHDOWK\ IRRG FKRLFHV H[LVW QHZ
LQWHUYHQWLRQVILUPO\JURXQGHGLQEHKDYLRUDOFRJQLWLYHDIIHFWLYH
DQG QHXURVFLHQWLILF WKHRU\ PD\ KDYH D VWURQJHU LPSDFW RQ
LQFUHDVLQJKHDOWK\IRRGFKRLFHVWKDQH[LVWLQJLQWHUYHQWLRQV$Q
LQWHUYHQWLRQIRFXVHGRQHQKDQFLQJERWKUHZDUGIRUKHDOWK\IRRGV
DQGUHJXODWLRQIRUXQKHDOWK\IRRGVLVOLNHO\WRKDYHDJUHDWHU
LPSDFWRQGLHWDU\FKRLFHVFRPSDUHGZLWKLQWHUYHQWLRQVIRFXVHG
RQHLWKHUSURFHVVDORQH
7KLV6WXG\
7KLVSURWRFRODLPVWRWHVWZKHWKHUDQLQWHUYHQWLRQIRFXVHGRQ
HQKDQFLQJERWKWKHUHZDUGYDOXHRIKHDOWK\IRRGVDQGUHJXODWLRQ
VXUURXQGLQJXQKHDOWK\IRRGVLVOLNHO\WRKDYHDVWURQJHUHIIHFW
RQ HDWLQJ EHKDYLRU FRPSDUHG ZLWK LQWHUYHQWLRQV IRFXVHG RQ
HLWKHUSURFHVVDORQH7RDFKLHYH WKLVZHZLOOFRQGXFWDî
IDFWRULDOUDQGRPL]HGFRQWUROOHGODEEDVHGLQWHUYHQWLRQVWXG\
RIEULHIJXLGHGLPDJHU\H[HUFLVHVWKDWWDUJHWUHJXODWLRQ()7
\HV QR DQG UHZDUG 3RV$ LPDJHU\ SRVLWLYH QHXWUDO
PHFKDQLVPVRIHDWLQJEHKDYLRU
7RDVVHVVWKHLQGLYLGXDODQGFRPELQHGHIIHFWVRI()7DQG3RV$
RQHDWLQJEHKDYLRUZHZLOOH[DPLQHWKHHIIHFWRI3RV$()7
DQGWKHLULQWHUDFWLRQRQ7'WKHUHZDUGYDOXHRIKHDOWK\
DQGXQKHDOWK\IRRGVLHIRRGGHPDQGLQGH[HGE\LQWHQVLW\RU
WKHQXPEHURILWHPVFRQVXPHGZKHQIUHHO\DYDLODEOHDQG
IRRGFKRLFH2XUSUHGLFWLRQVDUHIROG)LUVWZHSUHGLFWWKDW
SDUWLFLSDQWVLQWKH()7FRQGLWLRQZLOOGHPRQVWUDWHORZHU7'
ORZHUGHPDQGIRUXQKHDOWK\IRRGVKLJKHUGHPDQGIRUKHDOWK\
IRRGV PRUH KHDOWK\ IRRG FKRLFHV DQG OHVV XQKHDOWK\ IRRG
FKRLFHVFRPSDUHGZLWKWKH(57FRQGLWLRQ6HFRQGZHSUHGLFW
WKDW SDUWLFLSDQWV LQ WKH 3RV$ FRQGLWLRQ ZLOO GHPRQVWUDWH QR
GLIIHUHQFHVLQ7'\HWH[KLELWORZHUGHPDQGIRUXQKHDOWK\IRRGV
KLJKHUGHPDQGIRUKHDOWK\IRRGVPRUHKHDOWK\IRRGFKRLFHV
DQGOHVVXQKHDOWK\IRRGFKRLFHVFRPSDUHGZLWKWKHQHXWUDODIIHFW
FRQGLWLRQV7KLUGZHSUHGLFWWKDWSDUWLFLSDQWVLQWKH()7DQG
3RV$FRQGLWLRQVZLOOGHPRQVWUDWH WKH ORZHVW7' WKH ORZHVW
GHPDQGIRUXQKHDOWK\IRRGV WKHKLJKHVWGHPDQGIRUKHDOWK\
IRRGVWKHKHDOWKLHVWIRRGFKRLFHVDQGWKHOHDVWXQKHDOWK\IRRG
FKRLFHVFRPSDUHGZLWKSDUWLFLSDQWVLQDOORWKHUFRQGLWLRQV
Methods
6WXG\'HVLJQ
7KLVVWXG\LVDIDFWRULDOUDQGRPL]HGFRQWUROOHGSLORWVWXG\WKDW
HPSOR\VD3RV$LPDJHU\SRVLWLYHQHXWUDOE\()7\HV
QRGHVLJQLQZKLFKSDUWLFLSDQWVDUHUDQGRPL]HGWRRIWKH
DUPV )LJXUH  VKRZV WKH IORZ GLDJUDP GHSLFWLQJ WKH
H[SHULPHQWDOGHVLJQ7KHLQWHUYHQWLRQDUPVDUHOLVWHGEHORZ
 $UP3RV$()7
 $UP3RV$DQGQR ()7
 $UPQHXWUDODIIHFWDQG()7
 $UPQHXWUDODIIHFWDQGQR ()7(57FRQWUROFRQGLWLRQ
6DPSOH6L]H
7KHWDUJHWVDPSOHVL]HRISDUWLFLSDQWVSDUWLFLSDQWVSHU
JURXS LVEDVHGRQSULRUVWXGLHV WHVWLQJ()7LQWHUYHQWLRQV
6]HHWDO>@IRXQGWKDW:HEEDVHGWUDLQLQJLQ()7YV(57
UHGXFHG7'ZLWKDQHIIHFWVL]HRIȘ 2¶1HLOOHWDO>@
IRXQGWKDWVPDUWSKRQHGHOLYHUHGWUDLQLQJLQIXWXUHYVUHFHQW
HSLVRGLFWKLQNLQJLPSDFWHGIRRGFKRLFHE\UHGXFLQJWRWDOFDORULH
FRQVXPSWLRQȘ DQGSHUFHQWFDORULHVFRQVXPHGIURPIDW
Ș :HSODQWRXVHDPL[HGGHVLJQDQDO\VLVRIYDULDQFH
$129$ZLWKWUHDWPHQWDUPDUPVDVWKHEHWZHHQVXEMHFW
YDULDEOHDQGPHDVXUHPHQWSHULRGEDVHOLQHDIWHUDOORFDWLRQDQG
FORVHRXWDVWKHZLWKLQVXEMHFWVYDULDEOH$VWKH()7FXHXWLOL]HG
E\2¶1HLOOHWDOZDVSHUVRQDOL]HGWRHDFKSDUWLFLSDQWDQGZDV
GHOLYHUHGUHSHDWHGO\YLDVPDUWSKRQHDQGWKLVSURWRFROLQFOXGHV
QRQH RI WKRVH GHVLJQ IHDWXUHV WKH LQWHUYHQWLRQ FRQWHQW LV
VWDQGDUGL]HGDQGGHOLYHUHGRQFHZHSUHGLFWDVPDOOHUHIIHFW
VL]H 7R EH FRQVHUYDWLYH ZH SUHGLFW WKH LQWHUDFWLRQ EHWZHHQ
WLPHDQGLQWHUYHQWLRQDUPYDULDEOHVZLOO\LHOGDVWDQGDUGL]HG
HIIHFWVL]HRI$WWULWLRQUDWHVFRPPRQO\REVHUYHGLQEULHI
JXLGHG LPDJHU\ LQWHUYHQWLRQ VWXGLHV DUH DSSUR[LPDWHO\ 
>@7KHUHIRUHZHDLPWRUHFUXLWWRWDOSDUWLFLSDQWV
SDUWLFLSDQWVSHUJURXSWRDOORZIRUDQDQDO\WLFWRWDOVDPSOHRI
SDUWLFLSDQWVZLWKSDUWLFLSDQWVLQHDFKJURXS7KLVZRXOG
SURYLGHSRZHUWRGHWHFWDVWDWLVWLFDOO\VLJQLILFDQWLQWHUDFWLRQ
EHWZHHQLQWHUYHQWLRQDUPDQGPHDVXUHPHQWSHULRGDWWKH
OHYHOZKLOHDGMXVWLQJIRUDWWULWLRQ
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)LJXUH )ORZGLDJUDPRIVWXG\SURFHGXUHV3RV$SRVLWLYHDIIHFW()7HSLVRGLFIXWXUHWKLQNLQJ(57HSLVRGLFUHFHQWWKLQNLQJ
3DUWLFLSDQWVDQG6HWWLQJ
3DUWLFLSDQWVZLOOEHUHFUXLWHGIURPWKH&KDUORWWH1RUWK&DUROLQD
DUHDFRPPXQLW\DQGDVNHGWRDWWHQGLQSHUVRQODEVHVVLRQV
VHSDUDWHGE\GD\VRIGDLO\GLHWWUDFNLQJ7KHVWXG\ZLOOWDNH
SODFHLQDUHVHDUFKODELQWKH'HSDUWPHQWRI3V\FKRORJ\DWWKH
8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDUORWWH ZLWK D WDUJHW
UHFUXLWPHQWRIDSSUR[LPDWHO\IHPDOH7KH8QLWHG6WDWHV
&HQVXV %XUHDX SURYLGHV HVWLPDWHV DERXW WKH SRSXODWLRQ
FKDUDFWHULVWLFVLQHDFKVWDWH2XUUDFHDQGHWKQLFLW\UHFUXLWPHQW
WDUJHWVDUHGHULYHGIURPWKH&KDUORWWH1&&HQVXV>@
7RUHSUHVHQWWKH&KDUORWWH1&SRSXODWLRQZHDLPWRUHFUXLW
DSSUR[LPDWHO\QRQ+LVSDQLFZKLWH$IULFDQ$PHULFDQ
+LVSDQLFRU/DWLQRRIDQ\UDFH$VLDQ$PHULFDQDQG
RWKHUUDFHHJ1DWLYH+DZDLLDQRURWKHU3DFLILF,VODQGHU
RURUPRUHUDFHV
6WXG\3URFHGXUHV
,GHQWLILFDWLRQ
3RWHQWLDO SDUWLFLSDQWV ZLOO EH UHFUXLWHG WKURXJK SRVWLQJV LQ
FODVVLILHG DGYHUWLVHPHQW ZHEVLWHV DQG RQ )DFHERRN IRUXPV
WKURXJKIO\HUVSRVWHGDWFRPPXQLW\EXLOGLQJVVXFKDVOLEUDULHV
DQGJURFHU\VWRUHVDQGWKURXJKUHFUXLWPHQWDGYHUWLVHPHQWVVHQW
WKURXJKXQLYHUVLW\OLVWVHUYVUHDFKLQJVWXGHQWVIDFXOW\DQGVWDII
$OOLQGLYLGXDOVUHFHLYLQJWKLVUHFUXLWPHQWLQIRUPDWLRQZLOOEH
FRQVLGHUHGSRWHQWLDOSDUWLFLSDQWV
(OLJLELOLW\$VVHVVPHQW
(OLJLELOLW\ZLOOEHGHWHUPLQHGEHIRUHFRPLQJ WR WKH ODEE\D
:HEEDVHGVFUHHQLQJTXHVWLRQQDLUHGHOLYHUHGYLDWKH4XDOWULFV
VXUYH\SODWIRUP7KLVVXUYH\ZLOO LQFOXGHEDVLFGHPRJUDSKLF
TXHVWLRQVDVZHOODVVHOIUHSRUWHGKHLJKWDQGZHLJKWWRFDOFXODWH
LQFOXVLRQ ERG\ PDVV LQGH[ >%0,@ DQG TXHVWLRQV DVVHVVLQJ
H[FOXVLRQDU\PHGLFDO FRQGLWLRQV WKDW FRXOGFRQIRXQGGLHWDU\
FKRLFHVVHHEHORZ
3DUWLFLSDQWVDUHHOLJLEOHLIWKH\
 $UHDJHGEHWZHHQDQG\HDUV:HVHWWKHXSSHUDJH
OLPLWDW\HDUVWROLPLWWKHSRWHQWLDOFRQIRXQGLQJHIIHFW
RIROGHUDJH2OGHUDGXOWVPD\VKRZDJUHDWHUSUHIHUHQFH
IRU LPPHGLDWH RYHU GHOD\HG UHZDUGV >@ DQG WKLV
SUHIHUHQFHPD\EHVWURQJHUDPRQJROGHUDGXOWVZLWKPLOG
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FRJQLWLYH LPSDLUPHQW >@ DQG $O]KHLPHU GLVHDVH
>@2QWKHRWKHUKDQGRWKHUVWXGLHVLQGLFDWHWKDWROGHU
DGXOWVPD\VKRZDJUHDWHUSUHIHUHQFHIRUGHOD\HGUHZDUGV
FRPSDUHGZLWKPLGGOHDJHGDGXOWV>@,QVXP7'PD\
VKLIWLQROGHULQGLYLGXDOVDVWKHUHLVSRWHQWLDOO\OHVVWLPHLQ
WKHIXWXUH+HQFHRXUXSSHUDJHOLPLWLVVHWDW\HDUVWR
PLQLPL]HWKLVDJHUHODWHGVKLIW
 +DYH D %0, LQGLFDWLYH RI RYHUZHLJKW RU REHVH VWDWXV
%0, NJP PHDVXUHG ILUVW WKURXJK VHOIUHSRUW DQG
WKHQ YHULILHG DW WKH EDVHOLQH YLVLW ZLWK DQWKURSRPHWULF
PHDVXUHPHQWV
3DUWLFLSDQWVDUHLQHOLJLEOHLIWKH\
 5HSRUWDQ\FRQGLWLRQVWKDWFRXOGDIIHFWWKHLUIRRGFKRLFHV
LHVSHFLDOGLHWDU\FRQGLWLRQVLQFOXGLQJGLDJQRVHVRIFHOLDF
GLVHDVHRUW\SHGLDEHWHVDUHFXUUHQWO\EHLQJWUHDWHGIRU
DQHDWLQJGLVRUGHUKDYHHYHUKDGJDVWULFE\SDVVVXUJHU\
DUHDOOHUJLFWRQXWVRUSHDQXWVRUSUDFWLFHDYHJDQGLHWRU
UHVSRQVHVGXULQJWKHODEWDVNV
 +DYHDQ\GHYLFHVHJSDFHPDNHULQWKHLUERG\WKDWFRXOG
EHGLVUXSWHGE\WKHELRLPSHGDQFHVFDOHPHDVXULQJERG\IDW
SHUFHQWDJH
 $UHFXUUHQWO\SUHJQDQW
&RQVHQW3URFHGXUH
,QIRUPHGFRQVHQWIRUWKHVWXG\ZLOOEHREWDLQHGXSRQDUULYDODW
WKHVWXG\ODELQDIDFHWRIDFHLQWHUDFWLRQZLWKWUDLQHGUHVHDUFK
VWDII7KHUHVHDUFKVWDIIZLOOUHYLHZVWXG\LQIRUPDWLRQZLWKWKH
SDUWLFLSDQWWRHQVXUHJRRGFRPSUHKHQVLRQDQGXQGHUVWDQGLQJ
DQGWRDQVZHUDQ\TXHVWLRQVIRUFODULILFDWLRQ$ZDLYHUWRDOORZ
ZLWKKROGLQJ LQIRUPDWLRQ DERXW VHYHUDO SRUWLRQV RI WKH VWXG\
SURFHGXUHGXULQJFRQVHQWZDVREWDLQHGIURPWKHHWKLFVERDUG
)LUVW ZH ZLOO QRW LQIRUP WKH SDUWLFLSDQWV WKDW ZH ZLOO EH
UHFRUGLQJ WKHLU VHOHFWLRQ RI XQKHDOWK\ DQG KHDOWK\ VQDFNV
'LVFORVXUHRIWKLVSRUWLRQRIWKHVWXG\PD\ELDVSDUWLFLSDQWVWR
QRWVHOHFWIRRGQDWXUDOO\6HFRQGZHZLOOQRWEHGLVFORVLQJWKH
%0, LQFOXVLRQ DQG H[FOXVLRQ FULWHULD DV GLVFORVXUH FRXOG
VLJQLILFDQWO\ LQFUHDVH WKHSURVSHFWLYHSDUWLFLSDQWV¶HPRWLRQDO
GLVWUHVVDVWKH\FRXOGOHDUQWKDWWKH\PHHWFULWHULDIRUREHVHRU
RYHUZHLJKW VWDWXV 7KLUG ZH ZLOO QRW GLVFORVH LQFOXVLRQ DQG
H[FOXVLRQGLHWDU\KHDOWKFRQGLWLRQVWKDWFRXOGLPSDFWIRRGFKRLFH
HJ JOXWHQ LQWROHUDQFH FHOLDF GLVHDVH RU W\SH  GLDEHWHV
)LQDOO\ WR HQVXUH WKDW SDUWLFLSDQWV DUH EOLQG WR LQWHUYHQWLRQ
FRQGLWLRQDVVLJQPHQW WKHFRQVHQW IRUPZLOOQRWGLVFORVH WKH
RYHUDOOIDFWRULDOGHVLJQRIWKHVWXG\WKHQXPEHURILQWHUYHQWLRQ
DUPVRUWKHLQWHUYHQWLRQFRQWHQW
(WKLFVDQG&RQILGHQWLDOLW\
7KH VWXG\ KDV EHHQ JUDQWHG HWKLFDO DSSURYDO E\ WKH +HDOWK
6FLHQFHV5HVHDUFK*RYHUQDQFH&RPPLWWHH8QLYHUVLW\RI<RUN
'HFHPEHUDQGWKH8QLYHUVLW\RI1RUWK&DUROLQDDW
&KDUORWWH ,QVWLWXWLRQDO 5HYLHZ %RDUG  2FWREHU 
$VLJQHGFRS\RIWKHLQIRUPHGFRQVHQWZLOOEHNHSWE\
WKHUHVHDUFKVWDIIDQGDFRS\LVDYDLODEOHWRWKHSDUWLFLSDQWVIRU
WKHLUUHFRUGV
5DQGRPL]DWLRQ3URFHVVDQG%OLQGLQJ
$OOTXHVWLRQQDLUHVDQG LQWHUYHQWLRQFRQWHQWZLOOEHGHOLYHUHG
YLDWKH4XDOWULFV:HEEDVHGVXUYH\SODWIRUP$IWHUWKHFRQVHQW
LVREWDLQHGUDQGRPL]DWLRQZLOOEHDFKLHYHGYLDWKH4XDOWULFV
VRIWZDUHUDQGRPL]HUIXQFWLRQ8SRQVWDUWLQJWKHH[SHULPHQWDO
VHVVLRQRQ WKHFRPSXWHU WKH4XDOWULFV VXUYH\ZLOO UDQGRPO\
GHOLYHURIWKHLQWHUYHQWLRQDUPVWRHDFKSDUWLFLSDQWZLWKRXW
DQ\ LQSXW QHHGHG IURP WKH UHVHDUFKHU UHVXOWLQJ LQ GRXEOH
EOLQGLQJ 7KH FRQVHQW LQIRUPDWLRQ ZLOO RQO\ VWDWH WKDW WKH
SDUWLFLSDQWVZLOOOLVWHQWRDVKRUWUHFRUGLQJLQVWUXFWLQJWKHPWR
WKLQNDERXWSK\VLFDOVHQVDWLRQVRU IXWXUHHYHQWV7KHUH LVQR
LQIRUPDWLRQSURYLGHGLQWKHFRQVHQWIRUPRQWKHVWXG\GHVLJQ
DQG WKHUH LV QR PHQWLRQ RI 3RV$ ()7 RU WKH QXPEHU RI
LQWHUYHQWLRQ DUPV 7KHUHIRUH ERWK WKH UHVHDUFKHU DQG WKH
SDUWLFLSDQWZLOOEHXQDZDUHRI WKH LQWHUYHQWLRQDUPWRZKLFK
WKH SDUWLFLSDQW LV DVVLJQHG 7KH 4XDOWULFV UDQGRPL]DWLRQ
SURFHGXUHZLOOHYHQO\SUHVHQWWKHLQWHUYHQWLRQDUPVRUJXLGHG
PHQWDOLPDJHU\VFKHPHVDFURVVSDUWLFLSDQWV
,QWHUYHQWLRQ&RQWHQW
,QLWLDO VFULSWV IRU WKH LQWHUYHQWLRQV ZHUH GHYHORSHG DQG WKHQ
SUHVHQWHGWRDQDGYLVRU\SDQHORISURIHVVLRQDOVZKRDUHH[SHUWV
LQJXLGHGPHQWDOLPDJHU\VWLPXOLDIIHFWPDQLSXODWLRQIXWXUH
HSLVRGLF WKLQNLQJ DQG HDWLQJ IURP WKH 8QLWHG.LQJGRP DQG
8QLWHG6WDWHV*XLGHGLPDJHU\VFULSWVZHUHDOVRSUHVHQWHGWR
IDFHWRIDFH FRPPXQLW\ DGYLVRU\ SDQHOV RQH LQ WKH 8QLWHG
6WDWHVDQGWKHRWKHULQWKH8QLWHG.LQJGRP7KHLQWHUYHQWLRQ
GHYHORSPHQWSURFHVVLVGHVFULEHGLQGHWDLOHOVHZKHUH>@
'XULQJWKHJXLGHGLPDJHU\LQFOXGLQJ3RV$DUP>3RV$()7
LQWHUYHQWLRQ@DQGDUP>3RV$LQWHUYHQWLRQ@SDUWLFLSDQWVZLOO
EH LQYLWHG WR WKLQN RI SRVLWLYH IHHOLQJV DQG DVVRFLDWLRQV
VXUURXQGLQJKHDOWK\IUXLWVDQGYHJHWDEOHV7KH\ZLOOEHDVNHG
WRLPDJLQHWKHPVHOYHVDSSUHFLDWLQJWKHKHDOWK\IRRGDQGWREULQJ
DZDUHQHVVWRWKHSRVLWLYHDVSHFWVRIWKHIRRGVXFKDVLWVFRORU
IHHOVPHOOWDVWHDQGKHDOWKEHQHILWV$GGLWLRQDOO\SDUWLFLSDQWV
LQWKH3RV$()7LQWHUYHQWLRQDUPZLOOWKHQEHLQYLWHGWR
WKLQNLQGHWDLORIDIXWXUHZKHUHWKH\KDYHPDGHKHDOWK\IRRG
FKRLFHV7KH()7LQWHUYHQWLRQDUPIRFXVHVRQIXWXUHRULHQWHG
WKLQNLQJDVGHVFULEHGDERYHEXWLQFOXGHVQRSRVLWLYHHPRWLRQV
VXUURXQGLQJKHDOWK\IRRG)LQDOO\WKH(57LQWHUYHQWLRQFRQWURO
DUPDVNVSDUWLFLSDQWVWRWKLQNDERXWDUHFHQWHYHQWDQGDLPV
WRUXOHRXWSRWHQWLDOHIIHFWVRIJXLGHGLPDJHU\DORQHRQIRRG
GHFLVLRQPDNLQJDQG7'DQGWRFRQWUROIRUWKHHIIRUWLQYROYHG
LQLPDJLQLQJDQHYHQWDWDGLIIHUHQWWLPHWKDQWKHSUHVHQW7KH
LQWHUYHQWLRQV ZLOO EH GHOLYHUHG GXULQJ WKH ILUVW H[SHULPHQWDO
VHVVLRQ VHH WKH([SHULPHQWDO6HVVLRQV VHFWLRQEHORZXVLQJ
4XDOWULFV VXUYH\ VRIWZDUH WRSOD\ WKH DXGLR UHFRUGLQJRI WKH
JXLGHGLPDJHU\IRUHDFKRIWKHLQWHUYHQWLRQDUPV
4XDOLW\$VVXUDQFHRI7UHDWPHQW'HOLYHU\
7KHLQWHUYHQWLRQVDUHDXGLRUHFRUGLQJVWKDWWKHSDUWLFLSDQWVZLOO
OLVWHQWRGXULQJWKHILUVWH[SHULPHQWDOVHVVLRQ7KXVWKH\DUH
VWDQGDUGL]HG DFURVV DOO SDUWLFLSDQWV WR HQVXUH WKH FRQVLVWHQW
GHOLYHU\RIHDFKLQWHUYHQWLRQFRQGLWLRQ$IWHUWKHLQWHUYHQWLRQ
LV GHOLYHUHG  TXHVWLRQV ZLOO EH DVNHG WKDW IXQFWLRQ DV
LQWHUYHQWLRQ PDQLSXODWLRQ FKHFNV ,PPHGLDWHO\ DIWHU WKH
LQWHUYHQWLRQSDUWLFLSDQWVZLOOEHDVNHGWRGHVFULEHVRPHRIWKH
WKRXJKWVWKDWFDPHWRWKHLUPLQGVZKLOHOLVWHQLQJWRWKHJXLGHG
LPDJHU\UHFRUGLQJ1H[WSDUWLFLSDQWVZLOOEHDVNHGWRUDWHKRZ
SRVLWLYHDQGQHJDWLYHWKH\IHOWGXULQJWKHJXLGHGLPDJHU\ RQD
VFDOH IURP ³QRW DW DOO´ WR ³H[WUHPHO\´3DUWLFLSDQWV¶
ZULWWHQ WH[W UHVSRQVHV GHVFULELQJ WKHLU WKRXJKWV GXULQJ WKH
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LQWHUYHQWLRQZLOOEHEOLQGO\FRGHGIRUWKHRFFXUUHQFHRI3RV$
()7DQGUHFHQWSDVWHSLVRGLFWKLQNLQJ
7UDLQLQJ
$ODUJHWHDPRIDSSUR[LPDWHO\UHVHDUFKDVVLVWDQWVOHGE\
RU  WUDLQHG OHDG UHVHDUFK DVVLVWDQWV ZLOO LPSOHPHQW WKH
H[SHULPHQWDOSURFHGXUHV$SURWRFROPDQXDOZLOOGHVFULEHWKH
HQWLUHH[SHULPHQWDOVHVVLRQDQGLQFOXGHLQIRUPDWLRQRQKRZWR
JXLGH WKH SDUWLFLSDQW WKURXJK WKH TXHVWLRQQDLUHV DQG ERG\
PHDVXUHPHQWV(DFKUHVHDUFKDVVLVWDQWZLOOEHWUDLQHGPXOWLSOH
WLPHVLQLPSOHPHQWLQJWKHSURWRFRO,QDGGLWLRQHDFKDVVLVWDQW¶V
ILUVWVFKHGXOHGSDUWLFLSDQWVHVVLRQIRUHDFKWLPHSRLQWZLOOEH
REVHUYHGE\RIWKHOHDGUHVHDUFKDVVLVWDQWV)LQDOO\IROORZXS
GURSLQREVHUYDWLRQVZLOOEHVFKHGXOHGSHULRGLFDOO\WRPDLQWDLQ
FRQVLVWHQWO\DFFXUDWHGDWDFROOHFWLRQ
([SHULPHQWDO6HVVLRQV
7KH VWXG\ SURWRFRO LQFOXGHV  LQODE H[SHULPHQWDO VHVVLRQV
VHSDUDWHGE\DSSUR[LPDWHO\GD\VRIDWKRPHGDLO\IRRGGLDU\
HQWULHVVHH7DEOH$OOTXHVWLRQQDLUHVLQWHUYHQWLRQFRQWHQW
DQG EDVHOLQH DQG RXWFRPH PHDVXUHV DUH GHOLYHUHG YLD WKH
4XDOWULFV:HEEDVHGVXUYH\SODWIRUP3DUWLFLSDQWVZLOOEHDVNHG
WR IDVW IRUKRXUVEHIRUHHDFKH[SHULPHQWDO VHVVLRQDQGDOO
VHVVLRQVZLOOEHVFKHGXOHGDIWHUDP
'XULQJ WKH ILUVW H[SHULPHQWDO VHVVLRQ WKH SDUWLFLSDQWV ZLOO
FRPSOHWHDEDWWHU\RITXHVWLRQQDLUHVDEDVHOLQH7'WDVNDQGD
EDVHOLQHIRRGGHPDQGWDVNVHHWKH3ULPDU\2XWFRPH0HDVXUHV
VHFWLRQEHORZ7KHQWKH\ZLOOEHUDQGRPO\DVVLJQHGWRUHFHLYH
 RI WKH  JXLGHG LPDJHU\ LQWHUYHQWLRQ DUPV IROORZHG E\
PDQLSXODWLRQFKHFNTXHVWLRQV1H[WWKH\ZLOOFRPSOHWHWKH7'
DQGIRRGGHPDQGWDVNVDJDLQDIWHUZKLFKWKH\ZLOOEHRIIHUHG
DYDULHW\RIVQDFNIRRGVWRDVVHVVIRRGFKRLFH)RRGLWHPVZLOO
EHSODFHGQH[WWRWKHSDUWLFLSDQWVZKLOHDUHVHDUFKDVVLVWDQWUHDGV
DVWDQGDUGL]HGIRRGFKRLFHVFULSW$WWKHHQGRIWKHVHVVLRQWKH
SDUWLFLSDQWV¶DQWKURSRPHWULFPHDVXUHPHQWVZLOOEHWDNHQWKH\
ZLOOEHVFKHGXOHGIRUWKHVHFRQGH[SHULPHQWDOVHVVLRQDQGWKH\
ZLOOEHLQVWUXFWHGRQZKHQDQGKRZWRFRPSOHWHWKHGDLO\IRRG
GLDULHV7KHGXUDWLRQRIWKHILUVWVHVVLRQZLOOEHDSSUR[LPDWHO\
PLQDQGHDFKGDLO\IRRGGLDU\HQWU\ZLOOWDNHDSSUR[LPDWHO\
PLQ WR FRPSOHWH'XULQJ WKH VHFRQG H[SHULPHQWDO VHVVLRQ
SDUWLFLSDQWVZLOOFRPSOHWHWKH7'DQGIRRGGHPDQGWDVNVDJDLQ
7KH\ZLOOEHDVNHGWRFRPSOHWHDQRWKHUEDWWHU\RITXHVWLRQQDLUHV
ZKLOHWKH\DUHDJDLQSUHVHQWHGZLWKDYDULHW\RIVQDFNVWRHDW
WRDVVHVVWKHLUIRRGFKRLFHVDVHFRQGWLPH7KHGXUDWLRQRIWKH
VHFRQGVHVVLRQZLOOEHDSSUR[LPDWHO\PLQ7KHVFKHGXOHRI
HQUROOPHQWLQWHUYHQWLRQVDQGDVVHVVPHQWVIRUWKHVWXG\LVVKRZQ
LQ7DEOH
5HLPEXUVHPHQWV
3DUWLFLSDQWV ZLOO UHFHLYH 86  IRU FRPSOHWLQJ WKH ILUVW
H[SHULPHQWDOVHVVLRQ86IRUFRPSOHWLQJDWOHDVWRIWKH
IRRGGLDULHV DQGDQRWKHU86 IRU FRPSOHWLQJ WKH VHFRQG
H[SHULPHQWDO VHVVLRQ WR FRPSHQVDWH IRU SRWHQWLDO
SDUWLFLSDWLRQUHODWHGH[SHQVHV3DUWLFLSDQWVZKRGRQRWFRPSOHWH
DOO SDUWV RI WKH VWXG\ HJ WKH\ GR QRW UHWXUQ IRU WKH VHFRQG
VHVVLRQZLOORQO\EHUHLPEXUVHGIRUWKHSDUWVRIWKHVWXG\WKH\
FRPSOHWHG3DUWLFLSDQWVZKRFRPSOHWHDOOSDUWVRIWKHVWXG\ZLOO
DOVREHHQWHUHGLQDUDQGRPGUDZLQJIRUDFKDQFHWRZLQRI
WKH7DUJHWJLIWFDUGVZRUWK86
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7DEOH 63,5,7)LJXUH 6FKHGXOHRIHQUROOPHQWLQWHUYHQWLRQDQGDVVHVVPHQWV
6WXG\SHULRG7LPHSRLQW
&ORVHRXW3RVWDOORFDWLRQGDLO\IRRGVXUYH\V(QUROOPHQWDQG
DOORFDWLRQ
5HFUXLWPHQW
WWWWWWíW
(QUROOPHQW
²²²²²²²D;(OLJLELOLW\VFUHHQ
²²²²²²;²,QIRUPHGFRQVHQW
²²²²²²;²$OORFDWLRQ
,QWHUYHQWLRQV
;²²²²²;²3RVLWLYHDIIHFWDQGHSLVRGLFIX
WXUHWKLQNLQJ
;²²²²²;²3RVLWLYHDIIHFW
;²²²²²;²(SLVRGLFIXWXUHWKLQNLQJ
;²²²²²;²1HXWUDODIIHFWDQGHSLVRGLFUHFHQW
WKLQNLQJ
$VVHVVPHQWV
²²²²²²;²%DVHOLQH7'E
²²²²²²;²%DVHOLQH)RRGGHPDQG
;²²²²²;²2XWFRPH7'
;²²²²²;²2XWFRPH)RRGGHPDQG
;²²²²²;²2XWFRPH)RRGFKRLFH
²;;;;;²2XWFRPH'DLO\IRRGVXUYH\V
²²²²²²;²$VVHVVPHQWVEHIRUHDOORFDWLRQF
²²²²²²;²$VVHVVPHQWVDIWHUDOORFDWLRQG
;²²²²²²$VVHVVPHQWVDWFORVHRXWH
;²²²²²;²5HSHDWHGDVVHVVPHQWVEHIRUH
DOORFDWLRQDQGDWFORVHRXWI
D²QRWDSSOLFDEOH
E7'WHPSRUDOGLVFRXQWLQJ
F$VVHVVPHQWV EHIRUH DOORFDWLRQ IRRG IUHTXHQF\ UHZDUGEDVHG HDWLQJ KHDOWKVSHFLILF VHOIHIILFDF\ ZHLJKW UHODWHG HDWLQJ KHDOWK ORFXV RI FRQWURO
SHUFHLYHGVWUHVVUHDFWLYLW\
G$VVHVVPHQWV DIWHU DOORFDWLRQHPRWLRQ UHJXODWLRQ WUDLWPLQGIXOQHVVEHKDYLRUDOPRWLYDWLRQV LPSXOVLYHQHVVPHQWDOKHDOWKKLVWRU\SK\VLFDOKHDOWK
KLVWRU\GHPRJUDSKLFV
H$VVHVVPHQWVDWFORVHRXWJOREDOVHOIUHSRUWHGKHDOWKVHOIUHSRUWHGZHLJKWVWDWXVVRFLDOGHVLUDELOLW\FRSLQJUHVSRQVHVWREDFFRDQGDOFRKROXVHVOHHS
TXDOLW\ORQHOLQHVVSV\FKRORJLFDOIOH[LELOLW\
I5HSHDWHGDVVHVVPHQWVEHIRUHDOORFDWLRQDQGDWFORVHRXWVWDJHVRIFKDQJHLQZHLJKWPDQDJHPHQW&RYDULDWHPHDVXUHVLQFOXGHGLQDQDO\VHVSHUFHLYHG
VWUHVVSRVLWLYHDQGQHJDWLYHDIIHFWDQGGHSUHVVLYHV\PSWRPV´
3ULPDU\2XWFRPH0HDVXUHV
7HPSRUDO'LVFRXQWLQJ
7KHPLQXWHPRQHWDU\7'WDVNZLOOEHJLYHQDWEDVHOLQHDIWHU
DOORFDWLRQ DQG DW FORVHRXW WR DVVHVV 7' 'XULQJ WKH PLQXWH
PRQHWDU\7'WDVNSDUWLFLSDQWVDQVZHUTXHVWLRQVDERXWWKHLU
SUHIHUHQFHWRUHFHLYHVSHFLILFPRQHWDU\UHZDUGVRYHUWLPHQRZ
YVODWHU$FURVVFRQVHFXWLYHWULDOVSDUWLFLSDQWVDUHSUHVHQWHG
ZLWKDIL[HGVHWRIFKRLFHVEHWZHHQVPDOOHULPPHGLDWHUHZDUGV
DQGODUJHUGHOD\HGUHZDUGV86LQZHHNVRU86
QRZZLWK WKH WHPSRUDOGLVWDQFHEHLQJDGMXVWHGDW HDFK WULDO
QRZGD\VZHHNPRQWKVDQG\HDUV7KHTXHVWLRQV
DUHWDNHQIURPDOLVWRILWHPSDLUVZLWKGLIIHUHQWLDOPRQH\
DQGWLPHRSWLRQV7KHTXHVWLRQVDGMXVWEDVHGRQWKHSDUWLFLSDQWV¶
SULRU UHVSRQVH WR LGHQWLI\ WKHLU GHOD\ GLVFRXQWLQJ UDWH )RU
H[DPSOHWKHSDUWLFLSDQWVVHOHFWZKLFKRSWLRQWKH\ZRXOGUDWKHU
KDYH³86QRZ´RU³86LQZHHNV´,IWKH³86
LQZHHNV´LVVHOHFWHGWKHQH[WTXHVWLRQZLOOIHDWXUHWKH
VDPHPRQHWDU\UHZDUGDWDPRUHGLVWDQWWLPHLH³86
LQ\HDU´+RZHYHULIWKH³86QRZ´RSWLRQLVVHOHFWHG
WKHQH[WTXHVWLRQZLOOIHDWXUHWKH86UHZDUGDWDPRUH
SUR[LPDOWLPHLH³86QRZ´RU³86LQGD\´,Q
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WKLVZD\WKHUHZDUGDPRXQWRUWLPHZLOOEHWLWUDWHGWRLGHQWLI\
WKHUDWHLHNYDOXHDWZKLFKWKHSDUWLFLSDQWGLVFRXQWVPRQHWDU\
UHZDUGV RYHU WLPH 7KH 7' UDWH ZLOO EH FDOFXODWHG IRU HDFK
SDUWLFLSDQW DQG WKHQ FRPSDUHG DFURVV WUHDWPHQW JURXS DV D
EHWZHHQVXEMHFWV YDULDEOH DQG DV D ZLWKLQVXEMHFWV UHSHDWHG
PHDVXUHYDULDEOHFRPSDULQJWKHHIIHFWRIWKHWUHDWPHQWEDVHOLQH
FRPSDUHGZLWKDIWHUDOORFDWLRQDQGDWFORVHRXW
)RRG'HPDQG
7KHIRRGGHPDQGWDVNZLOOEHJLYHQDWEDVHOLQHDIWHUDOORFDWLRQ
DQGDWFORVHRXW,WLVEDVHGRQDIRRGSXUFKDVLQJWDVN>@WKDW
DVVHVVHVWKHDPRXQWSDUWLFLSDQWVDUHZLOOLQJWRSD\LHUHZDUG
YDOXHIRUGLIIHUHQWTXDQWLWLHVRIVQDFNIRRGV3DUWLFLSDQWVZLOO
ILUVWYLHZSKRWRVRIGLIIHUHQWKHDOWK\ HJDSSOH\RJXUW DQG
SRSFRUQ DQG XQKHDOWK\ HJ SRWDWR FKLSV FKRFRODWH FKLS
FRRNLHVDQGFDQG\EDUVQDFNIRRGVWKDWFRUUHVSRQGZLWKWKH
UHDOIRRGLWHPVWKH\DUHSUHVHQWHGZLWKLQWKHIRRGFKRLFHWDVN
VHHWKH)RRG&KRLFHVHFWLRQEHORZ3DUWLFLSDQWVVHOHFWWKHLU
PRVWSUHIHUUHGKHDOWK\IRRGDQGWKHLUPRVWSUHIHUUHGXQKHDOWK\
IRRGIURPWKHOLVWDQGDQVZHUWKHTXHVWLRQQDLUHIRUHDFKRIWKH
IRRGLWHPV7KHVHSUHIHUUHGIRRGSKRWRVDUHGLVSOD\HGRQWKH
FRPSXWHUGXULQJWKHWDVNVRWKDWSDUWLFLSDQWVFDQUHIHUWRWKHP
ZKHQFRPSOHWLQJWKHWDVN7KHLQVWUXFWLRQVPRGLILHGIURPWKH
VWXG\ E\ (SVWHLQ HW DO >@ DUH DYDLODEOH LQ 0XOWLPHGLD
$SSHQGL[
)RRGGHPDQGWDVNUHVSRQVHVZLOOEHXVHGWRJHQHUDWHDIRRG
GHPDQGFXUYHUHIOHFWLQJWKHTXDQWLWDWLYHUHODWLRQVKLSEHWZHHQ
GHPDQG IRU IRRG DQG HVFDODWLQJ SULFH :H ZLOO FDOFXODWH WKH
IRRG GHPDQG FXUYH IRU HDFK RI WKH SUHIHUUHG KHDOWK\ DQG
XQKHDOWK\RSWLRQV&DOFXODWLQJWKHIRRGGHPDQGFXUYHJHQHUDWHV
LQGLFHVIRRGGHPDQGEUHDNSRLQWLHWKHILUVWSULFHDWZKLFK
FRQVXPSWLRQ ZDV   LQWHQVLW\ RI IRRG GHPDQG LH
FRQVXPSWLRQDWWKHORZHVWSULFHHODVWLFLW\RIIRRGGHPDQG
LHVHQVLWLYLW\RIVQDFNIRRGFRQVXPSWLRQWRLQFUHDVHVLQFRVW
2PD[LHPD[LPXPH[SHQGLWXUHIRUVQDFNIRRGDQG
3PD[ LH SULFH DW ZKLFK H[SHQGLWXUH ZDV PD[LPL]HG
&DOFXODWLQJWKHIRRGGHPDQGFXUYHIRUHDFKRIWKHSUHIHUUHGRU
FKRVHQKHDOWK\DQGXQKHDOWK\RSWLRQVZLOOJLYHULVHWRYDOXHV
LQGLFHVIRUHDFKKHDOWK\DQGXQKHDOWK\IRRGFDWHJRULHV7KH
SULPDU\ LQGH[ RI GHPDQG ZLOO EH LQWHQVLW\ RI IRRG GHPDQG
ZKLFK ZLOO EH FRPSDUHG DFURVV WUHDWPHQW JURXS DV D
EHWZHHQVXEMHFW YDULDEOH DQG DV D ZLWKLQVXEMHFW UHSHDWHG
PHDVXUHYDULDEOHFRPSDULQJWKHHIIHFWRIWKHWUHDWPHQWEDVHOLQH
FRPSDUHGZLWKDIWHUDOORFDWLRQDQGDWFORVHRXW+RZHYHUDOO
LQGLFHVZLOOEHFDOFXODWHGWRIXOO\GHVFULEHWKHGHPDQGFXUYH
)RRG&KRLFH
)RRGFKRLFHZLOOEHDVVHVVHGE\SUHVHQWLQJSDUWLFLSDQWVZLWKDQ
DUUD\RIKHDOWK\DQGXQKHDOWK\VQDFNRSWLRQVDIWHUDOORFDWLRQ
DQGDWFORVHRXW3DUWLFLSDQWVZLOOEHSUHVHQWHGZLWKWKHVQDFN
RSWLRQVRQDWUD\DQGDOOLWHPVZLOOEHSUHVHQWHGDVSDLUVLH
DSSOHVEDJVRIFKLSVRUFDQG\EDUVWRHQFRXUDJHVHOHFWLRQ
3DUWLFLSDQWVZLOOEHSUHVHQWHGZLWKDWRWDORIKHDOWK\DQG
XQKHDOWK\VQDFNRSWLRQVH[FOXGLQJGULQNRSWLRQV,PSRUWDQWO\
RIHDFKVQDFNRSWLRQZLOOEHSUHVHQWHGVRSDUWLFLSDQWVZLOO
VHHDWRWDORIKHDOWK\DQGXQKHDOWK\VQDFNLWHPVWRWDO
VQDFNLWHPV+HDOWK\VQDFNIRRGLWHPVKDYHDWRWDOFDORULHFRXQW
WKDWUDQJHVIURPWRFDORULHVSHUSRUWLRQ8QKHDOWK\VQDFN
IRRGLWHPVKDYHDWRWDOFDORULHFRXQWWKDWUDQJHVIURPWR
FDORULHVSHUSRUWLRQ$QDWWHPSWZDVDOVRPDGHWRPDWFK
LWHPVFDWHJRULFDOO\IRUH[DPSOHDQXQKHDOWK\RSWLRQVXFKDV
SRWDWRFKLSVZLOOEHSURYLGHGDORQJZLWKDKHDOWK\RSWLRQVXFK
DVORZFDORULHSRSFRUQDQGULFHSXIIV7KHVQDFNLWHPVZLOOEH
DUUDQJHGQHDWO\RQWKHWUD\DQGZLOOUHVHPEOHWKHVQDFNWUD\WKDW
LVVRPHWLPHVSUHVHQWHGWRJXHVWVLQDKRWHOURRP$ORQJVLGHWKH
WUD\SDUWLFLSDQWVZLOOEHSUHVHQWHGZLWKDFFRPSDQ\LQJXQKHDOWK\
VRGDRUKHDOWK\ZDWHUGULQNFKRLFHV$VZLWKWKHVQDFNRI
HDFKGULQNRSWLRQZLOOEHDYDLODEOH
5HVHDUFKDVVLVWDQWVZLOOGHVFULEHWKHDYDLODELOLW\RIWKHVQDFN
RSWLRQVLQWKHFRQWH[WRIWKHUHTXLUHPHQWWKDWSDUWLFLSDQWVIDVW
EHIRUH WKH VWXG\ DSSRLQWPHQW 7KLV DSSURDFK LV H[SHFWHG WR
UHGXFHSRWHQWLDOSDUWLFLSDQWELDVWKDWFRXOGRFFXULISDUWLFLSDQWV
DUHDZDUHWKHLUIRRGFKRLFHVZLOOEHUHFRUGHG7KHIROORZLQJLV
DVHFWLRQRIWKHVFULSWWKDWUHVHDUFKDVVLVWDQWVZLOOGHOLYHUDWWKLV
WLPH
,QRXUODEZHDOZD\VDVNSDUWLFLSDQWVQRWWRHDWRU
GULQNDQ\WKLQJEHIRUHFRPLQJ LQWR WKH ODE WRPDNH
VXUH WKDWGLIIHUHQFHV LQKRZKXQJU\\RXDUHRU WKH
WLPHVLQFH\RXUODVWPHDOGRHVQ¶WDIIHFW\RXUFKRLFHV
RQWKHWDVNVRU\RXUSUHIHUHQFHV:HNQRZLWFDQEH
KDUGWRIDVWDQGVLQFHZHDVNSDUWLFLSDQWVWRQRWHDW
IRUWZRKRXUVEHIRUHFRPLQJLQZHOLNHWRJLYHSHRSOH
DUDQJHRIVQDFNVWRHDW
3DUWLFLSDQWVZLOOWKHQEHHQFRXUDJHGWRVHOHFWDQ\VQDFNRSWLRQ
WRHDWGXULQJWKHVHVVLRQZKLOHFRPSOHWLQJWKHILQDOEDWFKRI
TXHVWLRQQDLUHVRUWDNHWKHIRRGVZLWKWKHPWRHDWODWHUDWWKHLU
OHLVXUH7KH UHVHDUFKDVVLVWDQWZLOO WKHQ OHDYH WKHSDUWLFLSDQW
DORQHZLWKWKHVQDFNRSWLRQVZKLOHWKH\FRPSOHWHWKHUHPDLQLQJ
TXHVWLRQQDLUHLWHPV$OOIRRGFKRLFHVZLOOEHUHFRUGHGE\WKH
UHVHDUFK DVVLVWDQW DIWHU WKH SDUWLFLSDQW GHSDUWV 7KH UHFRUGHG
QXPEHU RI KHDOWK\ DQG XQKHDOWK\ VQDFNV ZLOO EH VXPPHG
UHVSHFWLYHO\WRFUHDWHKHDOWK\IRRGFKRLFH DQGXQKHDOWK\IRRG
FKRLFH YDULDEOHVIRUHDFKSDUWLFLSDQW7KHVHYDULDEOHVZLOOEH
FRPSDUHGDFURVVWUHDWPHQWJURXSDVDEHWZHHQVXEMHFWYDULDEOH
DQGDVDZLWKLQVXEMHFWUHSHDWHGPHDVXUHYDULDEOHFRPSDULQJ
WKH HIIHFW RI WKH WUHDWPHQW EDVHOLQH FRPSDUHG ZLWK DIWHU
DOORFDWLRQDQGDWFORVHRXW
'DLO\)RRG'LDULHV
7RDVVHVVIRRGFKRLFHGXULQJWKHGD\VEHWZHHQDOORFDWLRQDQG
FORVHRXWSDUWLFLSDQWVZLOOEHVHQWE\HPDLODOLQNWRFRPSOHWH
DGDLO\:HEEDVHGIRRGGLDU\7KLVTXHVWLRQQDLUHLVEDVHGRQ
WKH3DIIHQEDUJHU3K\VLFDO$FWLYLW\4XHVWLRQQDLUH'LHWDU\+DELWV
VXEVFDOH >@ DQG RWKHU IRRG IUHTXHQF\ TXHVWLRQQDLUHV
3DUWLFLSDQWVZLOOEHDVNHGWRFRPSOHWHWKHVXUYH\DWWKHHQGRI
WKHGD\ZKHQWKH\GRQRWSODQRQHDWLQJDQ\WKLQJDIWHUZDUG
7KH VXUYH\ ZLOO ILUVW DVN WKH SDUWLFLSDQWV WR EULHIO\ GHVFULEH
DQGRU OLVW WKH IRRG LWHPV RU PHDOV WKH\ DWH WKDW GD\ 7KHQ
SDUWLFLSDQWVZLOOEHDVNHGWRUHSRUWWKHQXPEHURIVHUYLQJVWKH\
DWHWKDWGD\IRUGLIIHUHQWIRRGFDWHJRULHV7KHIRRGFDWHJRULHV
ZLOO LQFOXGHIUXLWVYHJHWDEOHVJUDLQVHJJVPLONDQGFUHDP
GDLU\QRWLQFOXGLQJPLONSRXOWU\ILVKDQGVHDIRRGEHHISRUN
ODPEDQGRWKHUUHGPHDWQXWVVHHGVDQGOHJXPHVIDWVDQG
RLOV VZHHWV DQGGHVVHUWV QRW LQFOXGLQJ FDQG\ FDQG\ VDOW\
VQDFNVGULQNVDQGRWKHUIRRGV)RUHDFKIRRGFDWHJRU\VHYHUDO
H[DPSOHVZLOOEHSURYLGHGWRGHVFULEHZKDWHTXDWHVWRVHUYLQJ
RIWKDWFDWHJRU\7KHUHSRUWHGQXPEHURIGDLO\VHUYLQJVIRUHDFK
-0,55HV3URWRF_YRO_LVV_H_SKWWSVZZZUHVHDUFKSURWRFROVRUJH
SDJHQXPEHUQRWIRUFLWDWLRQSXUSRVHV
/HYHQVHWDO-0,55(6($5&+35272&2/6
XSL•FO
RenderX
RIWKHIRRGFDWHJRULHVZLOOEHDYHUDJHGWRFUHDWHDPHDVXUHRI
RXWVLGHWKHODEIRRGLQWDNH)RUDQDO\VLVRXWVLGHWKHODEIRRG
LQWDNHZLOOEHFRPSDUHGDFURVVWUHDWPHQWJURXSVWRDVVHVVWKH
LPSDFWRIWKHLQWHUYHQWLRQDUPRQRXWVLGHWKHODEIRRGFKRLFHV
'HPRJUDSKLFDQG$QWKURSRPHWULF0HDVXUHV
'HPRJUDSKLF,QIRUPDWLRQ
3DUWLFLSDQWVZLOOVHOIUHSRUWWKHLUDJHDQGELRORJLFDOVH[ PDOH
 IHPDOH 7KH\ ZLOO DOVR UHSRUW WKHLU UHODWLRQVKLS VWDWXV
HGXFDWLRQDQG LQFRPHJURXS WKDWEHVW UHSUHVHQWV WKHPVHOYHV
IURPSUHVHOHFWHGRSWLRQV)LQDOO\WKH\ZLOOEHDVNHGWRUHSRUW
WKHLUUDFLDODQGHWKQLFLGHQWLW\E\LQGLFDWLQJLIWKH\LGHQWLI\DV
+LVSDQLFRU/DWLQRDQGVHOHFWWKHUDFLDOJURXSWKDWEHVWUHSUHVHQWV
WKHPVHOYHVIURPSUHVHOHFWHGRSWLRQV
$QWKURSRPHWULF0HDVXUHPHQWV
'XULQJWKHILUVWH[SHULPHQWDOVHVVLRQKHLJKWZLOOEHPHDVXUHG
ZLWKDVWDGLRPHWHUDQGZHLJKWZLOOEHDVVHVVHGZLWKDQHOHFWURQLF
ZHLJKW VFDOH 5HFRUGHG KHLJKW DQG ZHLJKW ZLOO EH XVHG WR
FRQILUPWKHSDUWLFLSDQW¶VVHOIUHSRUWHGKHLJKWDQGZHLJKWRQWKH
VFUHHQLQJTXHVWLRQQDLUH:DLVWFLUFXPIHUHQFHZLOOEHPHDVXUHG
ZLWKDWDSHPHDVXUH%RG\IDWSHUFHQWDJHZLOOEHDVVHVVHGZLWK
DQ2PURQELRLPSHGDQFHVFDOH%ORRGSUHVVXUHZLOOEHPHDVXUHG
ZLWK DQ DQHURLG VSK\JPRPDQRPHWHU 2PURQ EORRG SUHVVXUH
PRQLWRU7KUHHVXFFHVVLYHDUWHULDOEORRGSUHVVXUHUHDGLQJVZLOO
EH WDNHQ RQ WKH SDUWLFLSDQW¶V OHIW DUP ZLWK D PLQ LQWHUYDO
EHWZHHQHDFKUHDGLQJ
&RYDULDWHV
&RYDULDWHVWKRXJKWWRLPSDFWHDWLQJEHKDYLRUZLOOEHDVVHVVHG
EHIRUH DOORFDWLRQ DQG  ZHHN ODWHU DW FORVHRXW &RYDULDWH
PHDVXUHVDUHLQGLFDWHGLQ7DEOH LQIRRWQRWHI
3HUFHLYHG6WUHVV
7RFRQWUROIRUWKHLPSDFWRIVWUHVVRQHDWLQJEHKDYLRUVZHZLOO
PHDVXUH VHOIUHSRUWHG SHUFHLYHG VWUHVV XVLQJ WKH LWHP
3HUFHLYHG6WUHVV6FDOH366>@7KH366DVVHVVHVWKHH[WHQW
WRZKLFKVLWXDWLRQVLQRQH¶VOLIHDUHDSSUDLVHGDVVWUHVVIXOGXULQJ
WKHSDVWPRQWKRQDSRLQW/LNHUWVFDOH QHYHU YHU\RIWHQ
3RVLWLYHDQG1HJDWLYH$IIHFW
:H ZLOO XVH WKH LWHP 3RVLWLYH DQG 1HJDWLYH $IIHFW 6FDOH
3$1$6>@WRFRQWUROIRUWKHLPSDFWRIGLVSRVLWLRQDODIIHFW
RQHDWLQJEHKDYLRUV7KH3$1$6DVVHVVHVWKHH[WHQWWRZKLFK
WKH LQGLYLGXDO IHOW SRVLWLYH RU QHJDWLYH HPRWLRQV LQ WKH SDVW
PRQWK3DUWLFLSDQWVUDWHWKHLUDIIHFWXVLQJDSRLQW/LNHUWVFDOH
UDQJLQJIURPYHU\VOLJKWO\RUQRQHDWDOOWRH[WUHPHO\'XULQJ
WKHVHFRQGH[SHULPHQWDOODEVHVVLRQWKLVTXHVWLRQQDLUHZLOOEH
DGPLQLVWHUHGDJDLQEXWLQVWHDGDVNDERXWDIIHFWLQWKHSDVWZHHN
'HSUHVVLYH6\PSWRPV
:HZLOOFRQWUROIRUWKHLPSDFWRIGHSUHVVLRQV\PSWRPDWRORJ\
RQHDWLQJEHKDYLRUE\PHDVXULQJGHSUHVVLYHV\PSWRPVZLWKWKH
LWHP&HQWHUIRU(SLGHPLRORJ\6WXGLHVRI'HSUHVVLRQVFDOH
&(6'>@7KH&(6'DVVHVVHVPRRGV\PSWRPVGXULQJ
WKHSDVWGD\VXVLQJDSRLQW/LNHUWVFDOH
([SORUDWRU\0HDVXUHV
6HYHUDOH[SORUDWRU\PHDVXUHVZLOOEHLQFOXGHGLQWKHVWXG\WR
GHWHUPLQHLIJURXSDVVLJQPHQWRURXUSULPDU\RXWFRPHPHDVXUHV
DUHDVVRFLDWHGZLWKSV\FKRORJLFDOEHKDYLRUDODQGHPRWLRQDO
KHDOWKFRQVWUXFWV3DUWLFLSDQWVZLOO FRPSOHWHDGLVWLQFW VHWRI
H[SORUDWRU\DVVHVVPHQWVEHIRUHDOORFDWLRQDIWHUDOORFDWLRQDQG
DWFORVHRXW7DEOH7UDLWH[SORUDWRU\PHDVXUHVWKDWDUHOHVV
OLNHO\ WR EH LPSDFWHG E\ WKH LQWHUYHQWLRQ FRQWHQW ZLOO EH
GLVWULEXWHG DIWHU DOORFDWLRQ DQG DW FORVHRXW WR DOVR VHUYH WKH
SUDFWLFDOGHVLJQSXUSRVHRISURYLGLQJDFRQVLVWHQWVHWWLQJGXULQJ
ZKLFKWKHSDUWLFLSDQWLVSUHVHQWHGZLWKWKHDUUD\RIVQDFNVWKDW
FRPSULVH WKH IRRG FKRLFH PHDVXUH 7KH GHVFULSWLRQ RI HDFK
H[SORUDWRU\PHDVXUHLVSURYLGHGLQ0XOWLPHGLD$SSHQGL[
$QDO\VLV
3ULPDU\6WDWLVWLFDO$QDO\VLV
2XUSULPDU\VWDWLVWLFDODQDO\VHVZLOOFRPSULVHDPL[HGGHVLJQ
EHWZHHQVXEMHFWV DQG UHSHDWHG PHDVXUH WKDW FRPSDUHV 7'
IRRG GHPDQG DQG IRRG FKRLFH PHDVXUHV DW EDVHOLQH DIWHU
DOORFDWLRQDQGDWFORVHRXWDFURVVWUHDWPHQWDUPV2XUDQDO\VHV
ZLOOFRQWURO IRU VWDQGDUGGHPRJUDSKLFYDULDEOHVVXFKDVDJH
ELRORJLFDOVH[UDFHDQGLQFRPH$VHULHVRIUHSHDWHGPHDVXUH
$129$VZLWKWUHDWPHQWDUPDVDEHWZHHQVXEMHFWYDULDEOHDQG
PHDVXUHPHQWSHULRGDVWKHUHSHDWHGPHDVXUHZLOOEHFRQGXFWHG
RQ7'UDWHVDQGKHDOWK\DQGXQKHDOWK\IRRGGHPDQGLQGLFHV
UHVSHFWLYHO\
,QDGGLWLRQWRH[DPLQHWKHHIIHFWRIWKHLQWHUYHQWLRQDUPVRQ
IRRGFKRLFHVLQVLGHDQGRXWVLGHWKHODEDVHULHVRI$129$V
ZLOOEHFRQGXFWHGRQKHDOWK\DQGXQKHDOWK\VQDFNIRRGFKRLFHV
DQGDYHUDJHGDLO\VHUYLQJ LQWDNHYDOXHV IRUHDFKRI WKH IRRG
FDWHJRULHV7RSUREHWKHHIIHFWRIWKHLQWHUYHQWLRQRQLQODEIRRG
FKRLFHV ZH ZLOO FRQGXFW D UHSHDWHG PHDVXUH $129$ ZLWK
PHDVXUHPHQWSHULRGUHSHDWHGDFURVVWUHDWPHQWJURXSRQKHDOWK
DQGXQKHDOWK\VQDFNIRRGFKRLFHV1H[WWRSUREHWKHHIIHFWRI
WKHLQWHUYHQWLRQRQIRRGFKRLFHVRXWVLGHWKHODEZHZLOOFRQGXFW
D ZD\ $129$ ZLWK WUHDWPHQW DUP HQWHUHG DV WKH
EHWZHHQVXEMHFWYDULDEOHRQDYHUDJHGDLO\VHUYLQJLQWDNHYDOXHV
IRUWKHSULPDU\IRRGFDWHJRULHVLHIUXLWDQGYHJHWDEOHLQWDNH
6HFRQGDU\6WDWLVWLFDO$QDO\VHV
,QH[SORUDWRU\DQDO\VHVZHZLOOH[DPLQHFRUUHODWLRQVEHWZHHQ
VXPPDU\VFRUHVRQWKHH[SORUDWRU\TXHVWLRQQDLUHPHDVXUHVDQG
RXWFRPHPHDVXUHVRI7' IRRGGHPDQGDQGIRRGFKRLFH WR
H[SORUHSRWHQWLDOUHODWLRQVKLSVEHWZHHQVHOIUHSRUWDQGSULPDU\
RXWFRPHV)RUH[DPSOHZHSODQWRH[DPLQHZKHWKHUWKHUHLV
DQDVVRFLDWLRQEHWZHHQFKDQJHLQSULPDU\RXWFRPHPHDVXUHV
IURPEDVHOLQHWRSRVWDOORFDWLRQSK\VLFDODFWLYLW\VPRNLQJ
DQG DOFRKRO XVH WR H[DPLQH KRZ WKHVH KHDOWK EHKDYLRUV
LQIOXHQFH WKHHIILFDF\RI WKH LQWHUYHQWLRQ:HDOVRDQWLFLSDWH
H[DPLQLQJWKHDVVRFLDWLRQEHWZHHQWUDLWPLQGIXOQHVVDQGFKDQJHV
LQ RXWFRPH PHDVXUHV WR GHWHUPLQH LI WUDLW PLQGIXOQHVV
LQIOXHQFHVLQWHUYHQWLRQHIILFDF\,QDQRWKHUSRWHQWLDOH[SORUDWRU\
DQDO\VLVZHZLOOWHVWWKHDVVRFLDWLRQEHWZHHQWUDLWLPSXOVLYLW\
DQGFKDQJHVLQ7'RYHUWKHFRXUVHRIWKHVWXG\WRGHWHUPLQH
LIKLJKWUDLW LPSXOVLYLW\LVDVVRFLDWHGZLWKJUHDWHUVWDELOLW\LQ
7'RYHUWLPH7KHVHDQGRWKHUDQDO\VHVZLOOEHXVHGWRH[SORUH
WKHH[WHQVLRQRIWKHLQWHUYHQWLRQWRRWKHUKHDOWKEHKDYLRUVDQG
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IRU WKH GHYHORSPHQW RI IXWXUH UHVHDUFK TXHVWLRQV DQG
LQWHUYHQWLRQV
Results
5HFUXLWPHQWVWDUWHGRQ)HEUXDU\WREHJLQIHDVLELOLW\
WHVWLQJRIWKHSURWRFRO)HDVLELOLW\WHVWLQJVWDUWHGRQ)HEUXDU\
DQGFRQWLQXHGWKURXJK$SULOGXULQJZKLFK
RIWKHILQDOVDPSOHZDVUXQWKURXJKWKHSURWRFRO
$VWKHUHZHUHQRPDMRUSURWRFROFKDQJHVUHTXLUHGDWWKHHQGRI
WKHIHDVLELOLW\SKDVHWKHVHSDUWLFLSDQWVZHUHLQFOXGHGLQWKH
WDUJHW VDPSOH RI  SDUWLFLSDQWV 5HFUXLWPHQW WKHUHIRUH
FRQWLQXHGLPPHGLDWHO\DIWHUWKHIHDVLELOLW\SKDVH$WWKHWLPH
WKLVPDQXVFULSWZDVVXEPLWWHGSDUWLFLSDQWVDUHDFWLYHO\EHLQJ
UHFUXLWHG LQWR WKLV VWXG\DQGSDUWLFLSDQWVKDYHFRPSOHWHG
WKHSURWRFRO5HFUXLWPHQWLVHVWLPDWHGWRODVWDSSUR[LPDWHO\
PRQWKV
Discussion
)LQGLQJVDQG,PSOLFDWLRQV
7KH RYHUDOO JRDO RI WKLV UHVHDUFK LV WR GHYHORS QRYHO
WKHRU\EDVHG LQWHUYHQWLRQV WR SURPRWH DQG LPSURYH KHDOWK\
GHFLVLRQPDNLQJDQGEHKDYLRUV,QWKLVVWXG\ZHIRFXVRQHDWLQJ
EHKDYLRUV DQG WHVW WKH RYHUDUFKLQJ K\SRWKHVLV WKDW JXLGHG
LPDJHU\LQWHUYHQWLRQVWDUJHWLQJ3RV$ZLOOLQFUHDVHWKHUHZDUGLQJ
YDOXH RI KHDOWK\ IRRGV LQGH[HG E\ IRRG FKRLFH DQG IRRG
GHPDQG DQG JXLGHG LPDJHU\ WDUJHWLQJ ()7 ZLOO LQFUHDVH
UHJXODWLRQLQGH[HGE\7':HSUHGLFWDQRYHOV\QHUJLVWLFHIIHFW
EHWZHHQ3RV$DVVRFLDWLRQVWRZDUGKHDOWK\IRRGVDQGSRVLWLYH
()7%RWKPHFKDQLVPVKDYHGLIIHUHQWXQGHUO\LQJQHXURORJLFDO
SDWKZD\VDQGWKHLULQWHUDFWLYHHIIHFWKDVQRWEHHQWHVWHGWRGDWH
)XUWKHUPRUHZHZLOOWHVWWKHVHLQWHUYHQWLRQVDPRQJLQGLYLGXDOV
ZKRDUHRYHUZHLJKWRUREHVHDQGPD\VKRZWKHPRVWEHQHILW
IURP WKH LQWHUYHQWLRQ EHFDXVH RI D K\SRWKHVL]HG RYHUDFWLYH
QHXUDO V\VWHP RI UHZDUG DQG XQGHUDFWLYH QHXUDO V\VWHP RI
UHJXODWLRQ 7KXV WKH ILQGLQJV ZLOO DGYDQFH KHDOWK EHKDYLRU
GHFLVLRQPDNLQJUHVHDUFK0RUHRYHUJLYHQWKDWWKHV\QWKHVLV
RI DIIHFWLYH DQG FRJQLWLYH SDWKZD\V LV QRYHO WKH H[SHFWHG
ILQGLQJVKDYHWKHSRWHQWLDOWRJHQHUDWHQHZQHXURVFLHQFHDQG
SV\FKRORJLFDOUHVHDUFKWRIXUWKHUXQGHUVWDQGWKHVHPHFKDQLVPV
DQGWKHLULQWHUDFWLRQV
$OWKRXJK WKH ILQGLQJV IURP WKLV SURMHFW ZLOO DGGUHVV EDVLF
PHFKDQLVPV LQ WKH FRQWH[W RI HDWLQJ EHKDYLRU WKH HIIHFW RI
DIIHFWLYHDVVRFLDWLRQVDQGIXWXUHWKLQNLQJOLNHO\WUDQVODWHVDFURVV
GLIIHUHQWKHDOWKEHKDYLRUVHJSK\VLFDODFWLYLW\VXEVWDQFHXVH
DQGVXQSURWHFWLRQ7KXVGHYHORSLQJEULHIPDQLSXODWLRQVRI
WKHVHPHFKDQLVPVLH3RV$DQGSRVLWLYH()7KROGVJUHDW
SRWHQWLDOIRUIXWXUHWUDQVODWLRQDFURVVPXOWLSOHKHDOWKEHKDYLRUV
0RUHRYHU JLYHQ WKDW WKH DIIHFWLYH LPDJHU\ DQG ()7
PDQLSXODWLRQVDUHUHODWLYHO\EULHIDQGFRXOGEHHDVLO\DGDSWHG
WR :HEEDVHG RU VPDUWSKRQH DSS±EDVHG LQWHUYHQWLRQV VXFK
LQWHUYHQWLRQVZRXOGEHSRWHQWLDOO\VFDODEOHDQGZLGHUHDFKLQJ
,QIDFWZHH[SHFWWKDWWKHILQGLQJVIURPWKLVSURMHFWZLOOGLUHFWO\
LQIRUPIXWXUH UHVHDUFK WDUJHWLQJ WKHPHFKDQLVPVDIIHFWLYH
DVVRFLDWLRQV DQG IXWXUH WKLQNLQJ 0RUHRYHU WKHVH ILQGLQJV
FRXOGLQIRUPUHVHDUFKRQH[LVWLQJHDWLQJEHKDYLRULQWHUYHQWLRQV
LQWHUYHQWLRQVIRURWKHUEHKDYLRUDOGRPDLQVDQGLQWHUYHQWLRQV
WKDW FRXOGEH:HEEDVHGRUGHOLYHUHG WKURXJKPRELOHSKRQH
DSSV
6WUHQJWKVDQG/LPLWDWLRQV
'HVSLWHWKHVWUHQJWKVRIWKLVVWXG\VRPHLPSRUWDQWOLPLWDWLRQV
PXVWEHQRWHG$VDSLORWVWXG\WKHVDPSOHZLOOEHVPDOODQG
ZLOOQRWKDYHWKHSRZHUWRH[DPLQHLQGLYLGXDOGLIIHUHQFHVLQ
LQWHUYHQWLRQ HIIHFWLYHQHVV ,W LV DOVR SRVVLEOH WKDW VRPH
SDUWLFLSDQWVZLOOKDYHGLIILFXOW\IRUPLQJ3RV$DVVRFLDWLRQVZLWK
KHDOWK\IRRGRUWKDWWKHIRUPHGSRVLWLYHDVVRFLDWLRQVZLOODOVR
H[WHQG WRQRQKHDOWK\ IRRGV WR LQFUHDVH WKHRYHUDOO DSSHDORI
IRRGLQJHQHUDO$OWKRXJKZHGRQRWH[SHFWWKLVWREHWKHFDVH
EHFDXVHWKH3RV$JXLGHGLPDJHU\VWLPXOLKDYHEHHQGHVLJQHG
WRIRFXVRQWKHEHQHILWVRIKHDOWK\IRRGDILQGLQJWKDW3RV$
LQFUHDVHV WKH DSSHDO RI IRRG LQ JHQHUDO ZRXOG UHJDUGOHVV EH
KHOSIXO LQ GHVLJQLQJ JXLGHG LPDJHU\ H[HUFLVHV WKDW SURPRWH
KHDOWKIXOHDWLQJ,QDGGLWLRQWKHJXLGHGLPDJHU\LQWHUYHQWLRQV
GLIIHU LQ OHQJWK²WKH 3RV$()7 LQWHUYHQWLRQ DUP ZLWK ERWK
3RV$ FRQWHQW DQG ()7 FRQWHQW LV ORQJHU WKDQ WKH RWKHU
LQWHUYHQWLRQDUPVDVLWQHHGVWRGLVVHPLQDWHPRUHFRQWHQW,WLV
SRVVLEOH WKDW WKH GLIIHUHQFH LQ OHQJWK DFURVV WKH LQWHUYHQWLRQ
DUPV FRXOG DIIHFW WKH RXWFRPH PHDVXUHV KRZHYHU WKLV
FRQIRXQGHU ZDV SUHIHUDEOH WR VKRUWHQLQJ DQG SRWHQWLDOO\
GHFUHDVLQJWKHHIILFDF\RIWKH3RV$DQGIXWXUHHSLVRGLFFRQWHQW
WR PDWFK WKH OHQJWKV RI WKH RWKHU LQWHUYHQWLRQ DUPV )XWXUH
UHVHDUFKZLOOEHQHHGHGWRWHVWZKDWJXLGHGLPDJHU\OHQJWKLV
RSWLPDO
:LWK UHJDUG WR WKH IRRG FKRLFH RXWFRPH PHDVXUH LW LV DOVR
SRVVLEOHWKDWSDUWLFLSDQWVPD\H[SHFWWKDWWKHLUIRRGFKRLFHLV
EHLQJUHFRUGHGDQGWKH\PD\PRQLWRURUDOWHUWKHLUIRRGFKRLFH
WREH LQ OLQHZLWKSHUFHLYHGH[SHFWDWLRQV$OWKRXJKZHKDYH
GHVLJQHGRXUWDVNLQVWUXFWLRQVWRPLWLJDWHWKLVFRQIRXQGHULWLV
SRVVLEOHWKDWELDVHVLQH[SHFWDWLRQPD\VWLOOH[LVWDVRYHUZHLJKW
DQGREHVHSDUWLFLSDQWVPD\IHHOWKDWWKHLUIRRGFKRLFHVDUHEHLQJ
REVHUYHGLQDQ\SXEOLFVHWWLQJ,IVRWKHH[SHFWDWLRQELDVPD\
RFFXUUHJDUGOHVVRILQWHUYHQWLRQDUPQHYHUWKHOHVVLWLVLPSRUWDQW
WR DFNQRZOHGJH WKDW SDUWLFLSDQWV PD\ QRW EH PDNLQJ IRRG
FKRLFHVLQWKHODEDVIUHHO\DVWKH\GRLQQRQSXEOLFVHWWLQJV,Q
DGGLWLRQLWLVSRVVLEOHWKDWRXUUHFUXLWPHQWPHWKRGVPD\DIIHFW
RXUILQGLQJV$OWKRXJKZHZLOOUHFUXLWWKURXJKXQLYHUVLW\EDVHG
DQGFRPPXQLW\EDVHGFKDQQHOVZHZLOOQRWUHFUXLWWKURXJKDQ\
ZHLJKW ORVV±DVVRFLDWHG FKDQQHOV ZKLFK FRXOG DIIHFW RXU
ILQGLQJV$QRWKHUOLPLWDWLRQRIWKLVSURWRFROLVWKDWZHZLOOQRW
EHDEOHWRVWUDWLI\RXUUDQGRPL]DWLRQE\ELRORJLFDOVH[WKLVZLOO
EHDQLPSRUWDQWOLPLWDWLRQWRDGGUHVVLQIXWXUHZRUN
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'HVSLWH WKHVH OLPLWDWLRQV ILQGLQJV IURP WKLV VWXG\ KDYH WKH
SRWHQWLDO WR DGYDQFH GHFLVLRQ PDNLQJ UHZDUG OHDUQLQJ DQG
DIIHFWLYHFRJQLWLRQ UHVHDUFK DV ZHOO DV IRUP WKH EDVLV IRU
SRWHQWLDOO\ODUJHVFDOHEULHILQWHUYHQWLRQVWKDWKDYHWKHFDSDFLW\
WR LPSDFW D UDQJH RI KHDOWK EHKDYLRUV HJ KHDOWK\ HDWLQJ
SK\VLFDO DFWLYLW\ VXEVWDQFH XVH DQG VXQ SURWHFWLRQ
$FFRUGLQJO\ILQGLQJVZLOOEHGLVVHPLQDWHGDWERWKEDVLFDQG
DSSOLHGVFLHQFHFRQIHUHQFHV,QDGGLWLRQWKHDIIHFWLYHLPDJHU\
DQG()7PDQLSXODWLRQVDUHUHODWLYHO\EULHIDQGFRXOGEHHDVLO\
DGDSWHGWR:HEEDVHGRUPRELOHSKRQHDSS±EDVHGLQWHUYHQWLRQV
,IWKLVVWXG\VXSSRUWVRXUK\SRWKHVLVWKHQLQWKHIXWXUHZHZLOO
H[SORUH WKH IHDVLELOLW\ HIIHFWLYHQHVV FRVWHIIHFWLYHQHVV DQG
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